Abstract-The reliability of DC operating power is largely decided by the storage battery in power system. In order to satisfy large-capacity storage battery discharge demand and requirements for energy-saving and emission-reduction, a new intelligent battery discharging device that can feedback energy was designed. The device is introduced in details including the circuit structure, parameters design and control methods in this paper. The experimental results indicate that the device has a good discharge performance, small discharge ripples, good stability and reliability, convenient and visual monitoring, and a good engineering application value.
Introduction
The battery is, in many cases, the last line of defense against AC power outage for both power plant and substation in power system. The reliability of back up power systems is becoming an even greater issue with the requirement of uninterruptible power supply [1] . It follows that one of the most critical pieces of information required by users of batteries in these application areas is to keep the battery's capacity. In most time the batteries are always charged at a constant voltage continuously for the normal supply of electricity in the power system. This would result in anode plate passivating, increasing the internal resistance, lowering the battery capacity and reducing supply less time [2] . Therefore, in order to maintain the activity of batteries the batteries must be regularly discharged.
Discharge of batteries commonly used 10-hour constant current discharge mode, by monitoring the battery voltage to detect the battery's capacity and status. With the power system development, high-capacity battery batteries pack more and more widely applied [3] . In view of this, this article has designed a new DSP-based intelligent high-capacity battery discharging device that feedback energy. By the rational allocation of the main circuit parameters, use of appropriate control strategy, user-friendly man-machine interface design, the discharge device can carry out a reliable and stable discharge with on-line monitoring.
Principle of System
Principle schematic of battery discharge device is shown in Fig.1 . Discharge DC current is converted to three-phase AC current by the three-phase inverter and feedback into the grid. Sampling control, PWM signal generation, phase-locked and data exchange is finished by DSP2812 of TI. As long as the value of the discharge current, discharge time, discharge cut-off voltage is entered into devices, battery discharge can be completed automatically. At the same time battery voltage can be automatically recorded, to achieve discharge process unattended. From Fig. 1 the system is mainly composed of the main circuit and control circuit, the following is a brief, respectively.
Main circuit
The main circuit of device is shown in Fig.2 , about Insulated Gate Bipolar Transistor (IGBT) devices. The three-phase inverter is the core of main circuit. Inverter output is filtered by inductor, transformed and entered into the power grid [4] [5] . In the circuit there is a 250A battery discharge current and a 1:4 transformation ratio. Equation (1) is the calculation formula of the current. If the battery voltage is 230V and three-phase power line voltage is 380V, the inverter output current for each phase will reach 349.5A by (1) . In this case, the maximum voltage ripple is scaled to 10V; DC voltage is scaled to 230V. After simulation and trial, the real design parameter is selected 10 450V/4700uF electrolytic capacitors in parallel.
The inductances are obtained according to empirical (3)
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Description of Control system
The control system diagram of the discharge device is shown in Fig.3 . Control system is divided into two parts: digital phase-locked loop (PLL) and discharge current control. The transformation of abc-dq axis is theoretical foundation in these two parts. Fig. 4 shows the transformation [7] . is the reverse transformation matrix.
PLL control
Energy of feedback-type discharge device should be sent back to. It is required the same frequency and phase between the device output current and the grid. The device employs the digital phase-locked technology which is based on the instantaneous reactive power theory and the systems sequence voltage tracking technology. The principle is shown in Fig.5 . invariable, the weight of its q-axis reflects the d-axis and the grid voltage phase relationship [8] .
Conclusion
As seen experimental results the intelligent energy-feedback device for large-capacity storage battery discharge on the basis of DSP and IGBT works without any problem. The device has shown a very good performance in power system. The device can enter discharge energy into the power grid, save energy and improve the discharge environment. Constant-current discharge can make it easy to accurately measure the capacity of the storage battery. Automatic controlling the course of the discharge and automatic recording the related data of the charge can make it possible to unattended operation. If necessary, efficiency of this system can be increased to discharge battery with high current.
